INTRODUCTION
============

Diabetes mellitus is increasing throughout Korea. For example, in the 1970s, the prevalence of diabetes in Korea was approximately 1.5%;[@B1] however, the prevalence of diabetes has continued to increase and, by 2010, the prevalence of diabetes among those aged 30 or older reached 10.1% (approximately 3.2 million cases). Furthermore, the number of cases is expected to continue to increase and reach 6 million by 2050.[@B2]

Diabetes is the fifth leading cause of death in Korea and causes both cerebrovascular and cardiovascular diseases (also major causes of death).[@B3] In addition, 19.2% of medical expenditures made by the National Health Insurance are used for the treatment of diabetes. Furthermore, patients with diabetes have expenditures 4.6 times higher than that of the general population.[@B4]

In addition to high mortality and costs, diabetes is a chronic disease that requires long-term management. Today, patient self-care (including blood glucose self-monitoring, proper diet, appropriate medication and insulin use, physical activity, and foot care) has become an essential part of treatment for diabetes[@B5] and diabetes education is important for patients in performing such activities.

The effect of diabetes education has been documented in several studies. Previous studies have suggested that diabetes education is associated with enhanced disease-related knowledge and self-care behavior, improvement of glycosylated hemoglobin, weight loss, and cost reduction.[@B6][@B7][@B8][@B9][@B10] Furthermore, in 1998 the World Health Organization stated that patients are entitled to receive education on diabetes[@B11] and the American Diabetes Association as well as the Korean Diabetes Association have pointed out that education is an important part of treatment.[@B12][@B13]

Although the need for diabetes education is increasing, education is often overlooked in Korea. According to a study based on data from 2007 and 2011, the percentage of patients who had received diabetes education was 15% to 39.4%.[@B4][@B14] In contrast, the percentage of patients who had received diabetes education in 1998 and 2005 in the US was 45% and 53.1%, respectively.[@B15] Currently, less than half of diabetic patients in Korea receive education, a rate lower than that of the US.

Previous studies have suggested that several barriers are associated with diabetes education, including geographical distance, area of residence, cost issues, scheduling conflicts, feeling that education is unnecessary, health issues, and hearing impairments,[@B16][@B17][@B18][@B19] as well as being male, having a disability, and level of education.[@B20][@B21][@B22] However, the previous studies were based on surveys of diabetic patients or those who were involved in diabetes education and showed inconsistent results. Moreover, few studies have been conducted to assess the barriers to the completion of diabetes education in Korea.

Education is important for diabetes because self-care is essential for the disease. However, diabetes education in Korean is often overlooked and frequently not offered. Furthermore, research on the cause of the disease is limited. Thus, using a nationally representative sample from the Korean National Health and Nutrition Examination Survey (KNHNES), this study aimed to investigate the factors associated with the completion of diabetes education and to determine who requires this education in Korea.

METHODS
=======

1. Materials and Data Collection
--------------------------------

The analysis of this study was based on the data from the fourth and fifth KNHNES conducted from 2007 to 2012. The KNHNES is based on Article 16 of the National Health Promotion Act and has been conducted annually since the fourth KNHNES.

A total of 50,405 participants responded to the 4th and 5th KNHNES. Participants who were 29 years old or younger (n=17,211) and participants who were not diabetic (n=26,597) were excluded from the sample. An additional 2,991 respondents with missing data on any variable were exclude. Therefore, data for 3,606 participants were included in the analyses ([Figure 1](#F1){ref-type="fig"}).

2. Measures and Methods
-----------------------

### 1) Health survey

An interview-style questionnaire was used in the KNHNES health survey to measure education, economic activities, and morbidity. Health behavior domains, such as smoking and drinking, were measured by a self-administered questionnaire. This study also examined age, gender, body mass index (BMI), educational level, smoking, drinking, area of residence, underlying disease presence, physical activity, marital status, economic activities, insurance coverage, family history of diabetes, and the awareness of diabetes presence.

Implementation of diabetes education was measured by subjective responses to whether or not participants had completed any diabetes education. The type of education was not measured and patients who completed diabetes self-education were excluded from this study.

#### (1) Socioeconomic factors and lifestyle risk behaviors

Socioeconomic factors such as age, gender, level of education, family history and household income were examined. Level of education was categorized into 4 groups: university graduation or higher, high school graduation, middle school graduation, and elementary school graduation or lower. The measure of family history used in the KNHNES assessed the status of parents and siblings.

Income level was analyzed based on the quartiles of participant household income. Area of residence was defined as dong or eup/myeon.

Marital status was determined based on the presence of a spouse and employment status was based on current working status. Insurance coverage was assessed by whether participants had medical insurance or medical care assistance. Private insurance was also measured.

Lifestyle risk behaviors, such as drinking, smoking, and lack of physical activity, were also considered. Drinking was divided into two groups: nondrinkers (i.e., those not currently drinking or who have had less than 1 drink per month for the past 1 year) and drinkers (i.e., those who have had more than 1 drink per month for the past 1 year). Smoking was also categorized into 2 groups: current smokers and former/nonsmokers. Physical activity was assessed using the Korean version of the International Physical Activity Questionnaire (IPAQ) short form. The IPAQ was used to calculate the metabolic equivalent of task minutes per week.

#### (2) Diabetes and underlying disease status

Patients were defined as having diabetes if they answered that they were diabetic, had a fasting glucose of 126 or over on a blood test, or had glycosylated hemoglobin level of 6.5 or over. Other underlying diseases included hypertension, hyperlipidemia, stroke, myocardial infarction or angina, and chronic renal failure. Items were measured by disease prevalence questionnaires. These items were combined into two groups for the analysis: underlying disease (those who had at least one of the underlying diseases) and no underlying disease (those with no underlying disease).

### 2) Physical measurements and blood testing

Weight and height were measured according to standardized methods by skilled examiners and used to calculate BMI. Blood tests for glycosylated hemoglobin and fasting glucose (measuring the plasma glucose after 8 hours of fasting) were also used.

3. Analysis Methods
-------------------

The analyses for this study was performed only for patients with complete data. Patients who had missing values on any variable in this study were excluded. After weighting the data, a chi-square test and a t-test were used to assess the relationship between the relevant variables and completion of diabetes education. All variables that reached significance in the univariate analysis were entered in the multivariable logistic regression. No multicollinearity between the variables was found. Statistical significance was set at P\<0.05. All analyses were performed using Stata for Windows ver. 12.0 (Stata Co., College Station, TX, USA).

RESULTS
=======

1. General Characteristics of Subjects
--------------------------------------

The final sample was restricted to 3,606 participants. According to the data from the 2007-2012 KNHNES, the percentage of those who received diabetes education was approximately 15.5%. The univariate analysis showed that the completion of diabetes education was significantly associated with age, family income, educational level, area of residence, family history, marital status, physical activity, and awareness of having diabetes. However, gender, underlying disease status, drinking, smoking, BMI, economic activities, and insurance coverage were not significantly associated with completion of diabetes education ([Table 1](#T1){ref-type="table"}).

2. Factors Correlated with the Completion of Diabetes Education
---------------------------------------------------------------

All variables in the univariate analysis with P\<0.25 were included in the multivariable logistic regression analysis. The completion of diabetes education was significantly correlated with gender, marital status, family history, awareness of having diabetes, and educational level. Females reported receiving more diabetes education than males (odds ratio \[OR\], 1.33; P=0.04) and married participants received more diabetes education than those who were not married (OR, 1.39; P=0.02).

Subjects with a family history of diabetes received more diabetes education than those without a family history of diabetes/those who did not know if they had a family history of diabetes (OR, 1.37; P=0.02). In addition, those who were aware of their diabetes received more diabetes education than those who were not (OR, 5.49; P\<0.01) ([Table 2](#T2){ref-type="table"}).

A statistically significant association was found between education level and diabetes education. The groups with had completed middle school (OR, 1.57; P=0.023), high school (OR, 2.36; P\<0.01), or university or more (OR, 4.19; P\<0.01) received more diabetes education compared to the group who had completed elementary school or less. However, completion of diabetes education was not significantly associated with physical activity, underlying disease, family income, age, area of residence, employment status, insurance coverage, smoking, or drinking.

DISCUSSION
==========

An analysis of the nationally representative KNHNES data suggested that only about 15% of patients with diabetes in Korea received diabetes education, results that are similar to those found in previous studies conducted with the KNHNES data.[@B14] In addition, this study showed that those with higher education received more diabetes education, findings that are also consistent with those of a previous study.[@B20] For example, the present study revealed that those with university graduation or higher received more diabetes education compared to those with elementary graduation or lower. Previous studies have suggested that illiteracy or a low reading comprehension level is a barrier to the completion of diabetes education. For example, one study has shown that low educational level, low reading comprehension level, and high level of educational materials can be a barrier to the completion of diabetes education.[@B23] Another study has indicated that the barriers to the completion of diabetes education included a lack of information on diabetes education and not knowing about the need for the education.[@B16]

The results also showed that the group with the lowest educational level received less diabetes education. This may be because physicians may hesitate to prescribe a diabetes education program over concerns about the ability of those with a lower educational level to fully understand diabetes education. The lower educational level group may also have received less diabetes education because the group was not provided with information regarding the importance of a long-term management in diabetes and did not fully recognize the importance of diabetes education.

This study also found that females received more education than males. Previous studies have also suggested that being male is a barrier to the completion of diabetes education.[@B20][@B21] These previous studies have revealed that physicians are more likely to recommend diabetes education to females than to males; however, according to KNHNES data, men used more medical resources (e.g., medical check-ups) than women. However, given the limited amount of information included in the KNHNES, we were not able to further examine why females completed diabetes education more than males. Further studies are needed in Korea to investigate the differences in the diabetes education completion rates between male and female diabetes patients.

Those with a family history of diabetes also received more diabetes education. Close family members with diabetes may share information regarding the management and treatment of diabetes, including recommendations for diabetes education. In addition, even if one family member is exposed to diabetes, the family may become more interested in the disease and seek more education. This may explain why family history is related to receiving diabetes education.

Marital status was also related to diabetes education, and patients with a spouse received more diabetes education than those without a spouse. However, contrary to the findings of this study, a study conducted in the US suggested that non-married people receive more education for diabetes than married people.[@B22] However, this may be related to national and cultural differences. For example, a past study with Mexican American families found that family support is essential to the management of patient self-care.[@B24] This may help explain the why married patients received more diabetes education in this study. If a close family member, such as a spouse, is interested in the health of the patient, the completion rate of diabetes education may increase.

In this study, the percentage of those who were not aware of having diabetes was 71.9%. However, a previous study reported that the rate of awareness of diabetes was 73.4%.[@B2] This difference may be attributable to the exclusion of diabetes patients with missing values. An analysis between the completion of diabetes education and the awareness of having diabetes indicated that those who were aware of their diabetic condition received more education for diabetes. This suggests that those who are not aware that they have diabetes need to be informed of their status, treated, and educated. Nationwide examinations, thorough explanations of the examination results, and follow-ups may help.

This study has some limitations. First, the cross-sectional nature of this study does not allow investigations regarding causality. In addition, there may be a potential for recall bias as the surveys depended on the memory of the subjects. Second, the study did not consider how diabetes education was conducted (i.e., a one-time class versus multiple classes or in a group setting versus an individual setting). However, the differences between such methods have been investigated in previous studies[@B6][@B25][@B26] and guidelines regarding a standardized education method have been presented.[@B27] While the KNHNES measured place of education and indicated that most patients received diabetes education in hospitals or clinics, detailed information, such as whether the education was in a group or individual setting and the length of education, was not measured. Third, given that this study used a secondary data source, we were not able to measure several of the barriers to the completion of diabetes education that have been suggested in prior research. For example, previous studies have suggested that geographical distance, area of residence, cost issues, scheduling conflicts, feeling that the education unnecessary, health issues, and hearing impairments[@B16][@B17][@B18][@B19] as well as age, gender, disability, and educational level,[@B20][@B21][@B22] are barriers to diabetes education completion. Finally, the present study also found that diabetes education was conducted less frequently among males as well as among those with a lower educational level. However, several other factors were not fully assessed. For example, although family income level was analyzed as a measure of economic status, it did not reflect current asset status nor financial strength, which may explain why no correlation was found in the analysis. On the other hand, geographical distance and health issues, as measured by area of residence and underlying disease, respectively, were not correlated with completion of diabetes education. Further studies are needed to assess the relationship between the completion of diabetes education and the type of education method as well as the factors related to the completion of the education.

While previous studies were conducted with only diabetic patients, or in a way that performed a survey on patients or related employees, and carried out in a single hospital or local units, a strength of this study is that the analysis included all diabetic patients who met the operational definition (e.g., blood tests under the circumstance of 70% of awareness of diabetes) in the nationally representative KNHNES data set. Furthermore, this study analyzed additional variables, such as marital status and family history, which lends additional strength to the analysis.

Previous studies have shown that patients who have completed diabetes education reported improved self-monitoring of blood glucose, proper diet, physical activities, medication compliance, periodic complication diagnosis, waist circumference, and weight maintenance.[@B8][@B28] Furthermore, another study showed that 81% of patients responded they were satisfied with their diabetes education.[@B29] However, although diabetes education should be offered and recommended to all diabetes patients, its completion rate is still relatively low in Korea. For example, the percentage of those who received diabetes education at least once was 15% to 40% in Korea.[@B4][@B14] In addition, the percentage of patients completing diabetes education decreased between the 4th and 5th KNHNES (20.24% to 13.64%, respectively). Furthermore, few studies have been conducted to analyze the cause of this low completion rate.

In order to increase the completion rate, an appropriate intervention is needed for patients who are not aware that they have diabetes. For example, increasing the availability of examinations and treatments across the nation may help to increase the completion rate. In addition, patients with a lower level of education may need more explanation and further recommendations regarding the importance of completing diabetes education. Furthermore, diabetes education should be actively recommended to those without a family history of diabetes and those without a spouse as well as male patients.
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###### General characteristics of study subjects (n=3,606)
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Values are presented as mean±SD or %.

^\*^By t-test for continuous variables; χ^2^ test for categorical variables. ^†^Divorced+bereaved+separated+single. ^‡^Used the Korean version of the International Physical Activity Questionnaire short form to calculate metabolic equivalent of task minutes per week. ^§^Hypertension, dyslipidemia, stroke, myocardial infarction or angina, chronic kidney disease.

###### Odds ratios (95% confidence intervals) for diabetes education by multiple factors
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Analyzed by multivariable logistic regression.

^\*^By t-test for continuous variables; χ^2^ test for categorical variables. ^†^Divorced+bereaved+separated+single. ^‡^Hypertension, dyslipidemia, stroke, myocardial infarction or angina, chronic kidney disease.
